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SUMMAEY 

A program was undertaken to determine the J73 turbojet engine com- 
pressor stall and surge characteristics and combustor blow-out limits 
encountered during transient engine operation. Data were obtained in 
the form of oscillograph traces showing the time history of several 
engine parameters with changes in engine fuel flow. The data presented 
in this report are for step and ramp changes in fuel flow at an alti- 
tude of 45,000 feet and flight Mach numbers of 0 and 0.8. 


INTBODUCTION 

One phase of the altitude-performance investigation of the J73 
turbojet engine conducted at the NACA Lewis laboratory consisted in 
determining the compressor stall and surge characteristics and the com- 
bustor blow-out limits encountered during and immediately following 
rapid changes in engine fuel flow. 

The data were obtained on oscillograph traces which showed the 
time history of several engine parameters following a change in fuel 
flow. The preliminary data presented herein were obtained at an 
altitude of 45,000 feet and flight Mach numbers of 0 and 0.8. Similar 
data are presented in preliminary form in references 1 and 2 for alti- 
tudes of sea level, 15,000, and 35,000 feet at several flight Mach 
numbers . 


The preliminary data which appear in this report ^etosist of repro 


ductions of oscillograph traces obtained at variou 
tions. A check on the accuracy of the calibrati 
oscillograph traces has been made but no analyel&K 


presented . 



ting condi- 
es listed on the 
the data is 
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APPAEATUS 

Engine and Installation 

The J73 turbojet engine used in this investigation has a thrust of 
approximately 9000 pounds , a rated engine speed of 7950 rpm, and 
an exhaust-gas temperature of 1185° F (1645° B) . The engine is normally 
equipped with an hydraulic control system which was inoperative during 
this phase of the investigation. For these tests, the fuel system was 
so modified that fuel flow was a function of fuel-valve position only. 
Other engine components are a 12-stage axial-flow compressor with vari- 
able inlet guide vanes, an annular-type combustor with 10 cannular- type 
chambers, a two-stage axial-flow turbine, and a fixed-area exhaust 
nozzle . 

The engine was mounted in a 14-foot diameter altitude chamber. A 
group of automatic throttle valves was incorporated at both inlet and 
exhaust ends of the test chamber to provide control of simulated altitude 
and ram- pressure ratio . 


In s t rument at i on 

The transient responses of the engine variables were recorded on 
a multiple channel, direct -inking, magnetic motor oscillograph. The 
oscillograph chart speed was 5 units per second . 

The location of the measuring stations are shown in figure 1. The 
sensing devices used for indicating variations in the performance 
parameters are given in table I. Inasmuch as the total-pressure profile 
at the engine inlet was flat, it was possible to select almost any total- 
or static -pres sure sensor to record on an oscillograph trace or its 
corresponding calibration gage without introducing errors. In the case 
of compressor-outlet total pressure, the sensor selected for both the 
oscillograph and the calibration gage was approximately the average 
total pressure at that station, as indicated from earlier steady-state 
data. Appropriate correction factors were employed where necessary for 
gage error and sensor location. 


PE0CED0EE 

The oscillograph traces were calibrated by operating the engine at 
several widely different engine operating points and recording the 
corresponding pen deflections on the oscillograph trace. Fuel changes 
were introduced over a range of initial engine speeds at the conditions 
shown in the following table: 
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Altitude, 

ft 

Flight Mach 
number 

Inlet guide 
vane position 

Type of 
fuel 
change 

Engine -inlet 
temperature , 

Op 

45,000 

0 

Open 

Step 

60 


.8 

Open 

Step 

35, 75 


.8 

Open 

Ramp 

35, 75 


.8 

Closed 

Step 

35 


The variable inlet guide vanes, which normally move from closed to open 
position at an engine speed of 6800 rpm as speed was increased, were 
maintained in a fixed closed or open position during all transients of 
this phase of the investigation. 

The size of the fuel step or ramp changes was increased until 
limited by either compressor surge or combustor blow-out or until it was 
felt that large steps in fuel flow would expose the engine to exces- 
sively high temperature. Only the traces which were considered pertinent 
in determining an operating limit are presented. Thus, in general, at 
any given initial engine speed two traces are shown. One gives the 
maximum step or ramp change in fuel flow obtained without encountering 
compressor surge or stall. The other gives the minimum step or ramp 
change in fuel flow which produced compressor surge or stall. 

During the period of transient engine, operation, both the engine - 
inlet total pressure and the exhaust pressure varied from the initial 
value. However, the engine operating limit usually occurred before the 
engine-inlet total pressure or the exhaust pressure changed appreciably. 
The time history of the behavior of the engine-inlet total pressure 
during transient engine operation is shown on the oscillograph traces, 
but the variation of exhaust pressure is not shown. In general, the 
maximum increase in exhaust pressure was 7 percent of the initial value. 


DISCUSSION 

The conditions for each oscillograph trace (figs. 2 to 73) pre- 
sented herein are given in table II. On each set of oscillograph traces 
the figure legend specifies the engine conditions at the beginning of 
the change in fuel flow. Each trace is identified by a label below 
which is given the calibration factor for the trace. As indicated by 
the calibration factor, all traces are considered linear except the 
fuel-flow trace which follows the square-law relation. On each trace 
is shown the initial value of the engine variable. In the case of 
fuel flow, one or more additional values are given. The arrows on each 
figure indicate the direction in which the variable is increasing. 

Caution should be used in applying the calibration factors to the 
traces. Although the horizontal or time scale is linear, the vertical 
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scale on all traces is a circular arc. In obtaining the rate of change 
of any variable or in calculating elapsed time, this curvature must be 
considered . 

Lewis Flight Propulsion laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, July 1, 1953 
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TABLE I. - INSTRUMENTATION 


HACA 


Meaaured quantity 

Engine 

station 

Steady-state 
instrumentat i on 

Transient instrumentation 

Sensor 

Range over which 
frequency response 
is essentially 
flat, cps 

Fuel flow 


Rotameter 

Aneroid -type pressure sen- 
sor, with strain-gage 
element, connected to 
measure pressure drop 
across variable orifice 
in fuel line 

Undetermined 

Dynamic pressure 
at engine Inlet 

1 

Bourdon-type gage 

Aneroid-type pressure sen- 
sor with strain-gage 
element 

0-10 

At sea- level 
static 

Engine -inlet 
total pressure 

i — 1 

Bourdon-type gage 

Aneroid -type pressure sen- 
sor with strain -gage 
element • 

0-10 

At sea- level 
static 

Compre s sor - out let 
total pressure 

2 

Bourdon-type gage 

Aneroid-type pressure sen- 
sor with strain-gage 
element 

0-10 

At sea-level 
static 

Compensated 
exhaust -gas 
temperature 

3 

Five paralleled ther- 
mocouples connected 
to self-balancing 
potentiometer 
recorder 

Six paralleled 20-gage, 
chrome 1 -a lumel, butt- 
welded thermocouples 
and electric network to 
compensate for thermo- 
couple lag 

0-30 

At sea -level 

static when used 
with properly 
adjusted compen- 
sator 

Uncompensated 
exhaust -gas 
temperature 

3 

Five paralleled ther- 
mocouples connected, 
to self -balancing 
potentiometer 
recorder 

Six paralleled 20-gage, 
chromel-alumel, butt- 
welded thermocouples 

0-1 

At sea- level 
static 

Engine speed 


Chronometric tachom- 
eter 

Direct-current genera- 
tor with output pro- 
portional to engine 
speed 

0-5 


cn 
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TABUS XX - OSCILLOGRAPH-TRACE CONDITIONS 




Figure 

Altitude, 

ft 

Flight Mach 
number 

Inlet guide 
vane position 

Type 

fu 

cha 

of 

el 

Engine 

inlet temperature, 
°F 

Initial Engine speed,, 
rpra 

nge 

Nominal 

Actual 

Nominal 

Actual 

2 

45,000 

0 

Open 

Step 

60 

57 

6400 

6420 

3 











57 



6428 

4 











57 



6428 

5 











57 



6438 

6 











58 



6420 ' 

7 











58 



6412 

8 











58 



6417 

9 











58 



6415 

10 











58 

6700 

6680 

11 











58 


r 

6645 

12 











58 

7000 

7050 

13 











56 



7060 

14 











57 



7022 

15 











57 



7030 

16 











58 



7022 

17 











57 

7500 

7500 

13 











57 



7480 

19 











57 

1 


7515 

20 



0 

8 





35 

32 

5500 

5471 

21 











32 



5503 

22 











36 



5488 

23 











36 



5465 

24 











36 

5700 

5671 

25 











32 

6100 

6085 

26 











32 


- 

6040 

27 











31 

6400 

6470 

28 











31 


6405 

29 











30 

6500 

6540 

30 











32 



6570 

31 











32 



6520 

32 











30 



6525 

33 











SO 

7100 

7050 

34 











33 



7050 

35 











33 



7075 

36 











30 

7500 

7420 

-57 











SO 



7490 

38 











30 



7480 

39 











30 



7480 

40 









75 

75 

5800 

5780 

41 











74 

6300 

6280 

42 











74 

i 

6280 

43 











74 

6800 

6800 

44 











74 

4 

6850 

45 











74 

7300 

7250 

46 











74 

& 

7250 

47 







Ramp 

35 

32 

6600 

6600 

48 











32 



6570 

49 











32 



6590 

50 











32 



6575 

51 











32 



6570 

52 








- 



32 



6600 

53 









7 

5 

71 

5500 

5580 

54 











71 

, 


5500 

55 











71 

6100 

6080 

56 











71 



6060 

57 











71 



6070 

58 











73 



6170 

59 











72 

6600 

6620 

60 











72 



6600 

61 











73 



6680 

62 











72 



6600 

63 











72 



6600 

64 











72 

7100 

7120 

65 











72 

i 

7170 

66 





Closed 

Step 

3 

5 

31 

5500 

5500 

67 











31 



5500 

68 











31 

6000 

6055 

69 











31 



6055 

70 






■ 





30 

6500 

6505 

71 











30 

- 


6505 

72 











30 

7100 

7115 

73 











30 

, 


7115 
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Figure 1 . - Side view of turbojet engine installation showing stations at which instrumentation was installed. 
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Oscillograph traces showing Tariations of different engine parameters during a step-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.0; engine- inlet air tempera- 
ture, 57 F; inlet guide vane a position, open. 
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Figure 3 

Oscillograph traces showing variations of different engine parameters during a step-change iL 907 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.0 ; engine-inlet air tempera- 
ture, 57° F; inlet guide vanes position, open. 
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Compressor-outlet total pressure. In. Hg abs 
Calibration 0.325 In. Hg/mm 




Exhaust-gas temperature, °F (compensated) 
Calibration 37.8 9p/mm f 


Engine speed, rpm j; 

Calibration 27.1 rpm /mm : 


Figure 1 6 

Oscillograph traces showing Tariations of different engine narametero a . 

s4” i /eo i »: - £ " irasr 
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t Compressor-outlet total pressure. In. Bg abs 
Calibration 0.325 In. Bg/mm 



Exhaust-gas temperature, °F (compensated)^ 
Calibration 37.8 /mm f 


gggggg^=l 


Engine speed, rpm 
Calibration 27.1 rpm /mm / 




Figure 10 

Oscillograph traces showing variations of different engine parameters during a step-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.0; engine-inlet air tempera- 
ture, 58° F; inlet guide vanes position, open. 
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Figure 11 

Oscillograph traces showing variations of different engine parameters during a step-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.0; engine- inlet air tempera- 
ture, 53° F; inlet guide vanes position, open. 
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i Engine speed, rpm 
l Calibration 27,1 rpn^sa 


Figure 12 

Oscillograph traces shoving -variations of different engine parameters during a step, 
in fuel flcrs!-. Altitude, 45,000 feat; flight Mach ttvsab 0.0; engine- inlet air tea 
ture, 58° F; inlet guide vanes position, open. 


C03SFIDEHIAL 




MCA EM SE53F30 


COEFI33MTIAL 



Figure 13 


Oscillograph traces shoving variations of different engine parameters during a step-change 
in fuel flow. -Altitude, 45,000 feet;, flight Mach number, 0.0; engine-in'let air tempera- 
ture, 56° F; inlet guide vanes position, open. 
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Figure 15 


Oscillograph traces showing variations of different engine parameters during a step- change 


in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.0; engine- inlet air tempera- 
ture, 57° F; inlet guide vanes position, open. 
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jj igure ku 

1 s ^ OTrl / I ? 'variations erf different engine parameters during a »1 
Altitude. 45,000 feet; flight Mach number, 0.8 ; eagiaa-lnlet air 
ture, a2 u j; inlet guide ranee position, open. 
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Figure 21 

Oscillograph traces showing variations of different engine parameters during a step-change 
in fuel flow- Altitude, 45,000 feet; flight Mach number, 0.8 j engine-inlet air tempera- 
ture, 32 F; inlet guide vanes position, open. 
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Jlgbra 22 

Oscillograph traces stowi-ag melatioEs of diff ex-ant engine parameters during a step-change 
in i*P®l flow, AltitralSj 45,000 feeti flight Mach number ^ 0 .8 ■ engine-inlet air hampera- 
tm» s '36° J; inlet guide -ranas pos^tioB, open. 
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Figure 23 

Oscillograph traces showing variations of different engine parameters during a s ten- change 

45 ^00_'f e et; flight Mach number, 0.8 ; engine- inl^ ^ir temper^ 
ture, 36 F, inlet guide vanes position, open. * 
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Figure 24 

OafeiUograjb traces showing variations of different engine parameters during a etep-ohango 

tuvI ^oT' 45,000 feet; flight Mach number, 0,8- ; engine-inlet .air tempers? 

ture, 36° F; inlet guide vanes position, open. 
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Figure 25 

Oscillograph traces shewing variations of different engine parameters during a gtgp- change 
in fuel flow, Altitude,, 45,000 feet; flight Mach number, 0.8 } engine-inlet air tempera- 
ture, 32° F; inlet guide vanes position, open. 
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Figure 2S 

Oscillograph traces showing variations Of different engine parameters during a etep-i change 
in fuel flow. Altitude , 45,000 feat; flight Mach number, O.S j angina -inlet air tempera- 
ture, 32° F; inlet guide vanes position, open. 
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Figure 27 

Oscillograph traces showing variations of different engine parameters during a step- change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 31° F; inlet guide vanes position, open. 
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Figure 29 

Oscillograph traces shoving -variations of different angina parameters daring a step-change 
in fuel flow. Altitude, 45,000 feet.: flight Mach number, 0.8 j engine-inlet air tempera- 
ture,. 30 0 F, inlet guide vanes position, open. 
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Oaoillograpli traces showing, -variations of different engine parameters during a step- change 
id fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 53° F; inlet guide Yanes position, open. 
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Eigure 38 

Oscillograph traces shoving -variations of different engine parameters during a step-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 3(P E; inlet guide -vanes position, open. 
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figure 40 


Gael ilograph traces showing TBslatioss a? different engine gasesjeters during a step- cisaa-ia 
ia fusi flour. Altitude, 45>C00 f’setj flight Mach auater 2 0 3; angina-inlet air taagefa- 
turej "5° 3?; inlet guide moss position open. 
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Figure 41 

Oscillograph traces showing "variations of different engine parameters during a step-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8 ; engine-inlet air tempera- 
ture, 74 0 F; inlet guide vanes position, open. 
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Figure 43 

Oscillograph traces showing variations of different engine parameters during a step-change 
in .fuel flow.. Altitude, 45,000 feet; flight Mach number, 0.8; engine- inlet air tempera- 
ture, 74° jf; inlet guide touss position, open. 
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Figure 47 

Oscillograph traces showing variations of different engine parameters during a rasp -change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 32° F; inlet guide vanes position, open. 
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Engine-Inlet total, pressure in. Hg ate 
Calibration .068 in. Hg/mm 


mm 








A Compressor- outlet total pressure, .In. Hg at»s 
I Calibration 0.658 in. Hg/fam 
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Erhaust-gas temperature, °F (uncompensated) 


Engine speed, rpm 
Calibration 65 rpmyinm 






Figure AS 

Oscillograph traces showing -variations of different engine parameters during a rmmp -chan( 
in fuel flow. Altitude; 45,000feet; flight ^Mach number, 0.8 j engine- inlet air tempera' 
ture, 52° F; inlet guide vanes position, open. 


CONFIDENTIAL 








(HI 




;M$$£==== 

M 

mgggg 




rases BS?==3B=a 


s 



.j 

!SS 



Saa5SSSS! 


— 

BBSB8I 

jp 

liiilil 

1 

= 

= — =' — — - ■ 


I Exhaust-gas temperature, °F (uncompensated) 
T Calibration 31.1 °F/mm 



Figure 49 

Oscillograph traces showing variations of different engine parameters during a ramp-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8 j engine-inlet air tempera- 
ture, 32° F; inlet guide vanes position, open. 
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gure 50 

Oscillograph traces showing variations of different engine parameters during a ramp-change 
in fuel flow. Altitude, 45,000feetj flight Mach number, 0.8 ; engine-inlet air tempera- 
ture, 32° F; inlet guide vanes position, open. 
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73 



in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8 ; engine-inlet air tempera- 
ture, 71° F; inlet guide vanes position, open. 
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Pigure 55 

Oscillograph traces showing variations of different engine parameters during a ramp-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8 » engine-inlet air tempera- 
ture, 71° P; inlet guide vanes position, open. 


CONFIDENTIAL 














78 


COHPIDENTIAL 


NACA EM SE53F30 


3300 



Oscillograph traces showing variations of different engine parameters during a ramp-change 


in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8 ; engine-inlet air tempera- 
ture, 73° F; inlet guide vanes position, open. 
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Figure 59 


Oscillograph traces showing variations of different engine parameters during a ramp-change 


in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 72 ° F; inlet guide vanes position, open. 


CONFIDENTIAL 








MCA EM SE53F30 

C0HFIDEKTIAL 



/£ 

=c= r -h- Pen limit 



SSSSI 




Dynamic pressure at engine inlet, Ib/sq ft abs 
Calibration 1.390 (lb/sq ft) /mm 
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a Engine speed, rpm 
I Calibration 67.2 r; 


Figure 61 

Oscillograph traces showing variations of different engine parameters during a ramp-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 73 0 F; inlet guide vanes position, open. 
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Figure 62 

Oscillograph traces showing variations of different engine parameters during a ramp-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8 ; engine-inlet air tempera- 
ture, 72° F; inlet guide vanes position, open. 
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Oscillograph traces ah owing variations of' different engine parameters during a ramp-change 
In fuel flow. Altitude, 45, O00 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 72 ° F; inlet guide vanes position, open. 
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Figure 66 

Oscillograph traces showing variations of different engine parameters during a step-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 31° F; inlet guide vanes position, closed. 
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Figure 67 

Oscillograph traces showing variations of different engine parameters during a step-change 
in fuel flew. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 31° F; inlet guide vanes position, closed. 
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Figure 73 

Oscillograph traces showing 'variations of different engine parameters during a step-change 
in fuel flow. Altitude, 45,000 feet; flight Mach number, 0.8; engine-inlet air tempera- 
ture, 3o° F; Inlet guide vanes position, closed. 
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